CONTROLLING INPUT TORQUE USING A FLYWHEEL
IN A SLIDER CRANK MECHANISM

Abstract

TL:I."::.'_If{-' I slidler ook mechinism _."u'.'n_'.'!u.:.'n'c.i.' i woevete, Choosing Powar af molor iy
based on peciien forgie. The maximin of torgue only appear i small lengih of time
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1. Introduction

The wypically larpe variation in accelerztions within 2 mechanism can cause significant
ozcillations in the torque required o doive il at a constant of near constant speed, The
peak tergues necded may be sa kigh as 10 regnee an overly large motor to deive them.

o the fact, Torque e one cvele of rotate crank (s not constant. Varies of torque 13
caused by waration ol accelerations ne meetasny, To design the 1Ty whee] 13 needed
valiue of average torque in over ovele which it fdue mainly to lossez and external work
danel is often smaller then the peak targues.

The smoathy torgue and small stze metor can Bs provided by flywheel. Energy supplving
when erank is on external work done position so the (ywheel will he absorbed it

1.1 Boundary of Prohlems

[n this research. The Flywheel 15 used 1o control torque appearing in shider crank
mechanisim. Torque in mechanism 5 only caused by inertia force and fmetion in contact
al bady 15 neglected.

1.2 Methodologios of Research

The research is based in Bteracy study, s2eps of analysis are Kinematics analysis, then
continued by dynamics analvsis.  Dynamics behavior of mechanism such as inertia
feree and torgue appearing in crapkshalt is based on dynamics analvsis. The last steps 15
caleulate dimension of ywheel based on amaeum of energy available for a cvcle.

2. Literature Studies
Encrgy absorh by flv wheel

Figure 1 shows a fiv wheel designed as a flat cireular disk, attached to a shatt of metar
which might alse be driven shatt for the crank.
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Frzwre 1 Posiioning of flywheel on crankshaft
The motor supplies 2 tomue magnitude T, having constant value to be equal to average

torque. The load in other side of flvwheel, demands T, which varying depend on
characteristics of loadl. The enerey in rotating system is

| P—_
E=-=lw" {1

Ca

Where I is moment of inertiz of all rotating mass on the shail, This includes, the | of the
motor rotor and of the link crank plus that of the flywhesl. Moment inertia, 1 is
determined to reduce of fliywheel speed rotation of the shafl to an acceptable level. By
using Newion's Law:! )
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The left side of expression equalion (8) represents the change in energy between the
maximum and minimum rotation speed of shafl, The right side is the change in energy
stored inthe flywheel.

imension of The Flv Wheel
Dimension of Mywhezl disk is depended on amount of eneropy absorbead, Absorbing
energy produced by fluctuating spead rotation in form kinetic energy.  Fluctuation of
speed rotation can ke explained with coelTicient of Auctuation, K
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The cocfficient K can be normalized by dividing it by the averape of speed crank shaft
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W average o
The K coellicient s a design parameter 1o be chosen by designer. It typically is set to a
value between (.01 and 0,035, corresponding to 2.1 t0 3% fucluation in shaft speed,
Ilinﬂr',_tjﬂ ol kinetic on cquation (&) is amoant of energy absorbed by fiywheel expressing
oy
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By using factorize equation (11} can be explained by
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and speed rotation average is shown by
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with resultaquation: (1 Dy (12 emad (|1 3) can be got
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[nertia moment of flywheel can be explained with
W
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Where rindicate rading of gyration of flywhecl.
3, Analysis of Kinematics and Dyoamics Mechanism

Flvwhee! i3 needed to reduce the peal torque eapsed by inectia foree in slider crank
meshamas, Dension ol mechanism s shaoswn in Tahle 1

Talle 1. Dimenston and sweieht of Link

pon Iertia
™o Link Dimension (om) ?::f.lgm [Tass
5 flam?)
1 Cranl LG ] 0.0l
2 | Coupler i) ES 0.023
3 Slider | = ] 003

Center mass cach link is on the middle of link.

The Assembling of mechanism i shown in Figere 2.
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Frgure 2 Blider Crank and Flywhes

Assumption using in analvsis is only incrtia forees doing in mechanism, Dynamics and
linematics analysis on the slider mechanism is explained in this report. Kinematics
analysis on the mechanism included position, velocity and acceleration analysis, The
position of slider is shown in figure 3
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Figure 3 Position of slider versus crank shaft angle
Mmiminn of distance between crank shalt and center gravity of slider is 0,3 m having

relatior with 3.14 rad of craonk shall angle, The velacity and acceleration analysis of
L
altder are shown in [gere 4 and 5.



Girgph of velocdy of moving slider varsus crank anglea
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Figure 4 Veloctly ol slider versus crank shaft angle
MNegative of velocity indicate divection of moving slider explaining slider move 1o near

of crank shaft. The minimum and maximuem velocity ( =10 and 10 mfs) became when
ceankt angle is about F.71 and 4.71 rad.
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Figure 3 Acceleration of slider versus ceank shali angle

Value of accelerstion of center gravity of slider is between 1043 and —1043 mis™2. The
maximun value o aceeleration is [ 042 m/s™2 becoming on 2.5 rad of crank angle.

To znalyze the dynamies fores of mechanizm is needed acceleration of center gravity of
each hink, The aceeleration is depicted in figure 6,
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Graph of cenfzr grasly of crank, caupler and slidar versus crank angle
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Figure & Acceleration of center gravity of crank, coupler and slider versus crank angle

Bold linc (-). selid (-} and dashed (-} indicate acceleration of center gravity of crank,
coupler and slider
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Figure 5 Torque loput and sverage in erank

The maximum energy suppiying in a cvcle is gol by integrate enerpy above average
torque. From the Ngore 2 ocan be shown that averape lorgue a cyele 15 530 Mm, The
HVETAEC LOTque 15 counted by integrating the curve of input torque in mechanism.

The maximuwm energy absork by Nyvwheel is arca of torque curve which is bounded by
Wiy » Opan AN 2verape of torgue. The inpul torque in Ggure (3) can he redrawn in

figure {2} by moving zero torque o averape oreue:
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Figure 4 Tovque input in-mechanizm afler decreasing 1o average lorque
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The changing of maximwn epergy is bounded by angle crank; 4.2 and 5.91 rad. The
energy can be counted by integrating ares of torque curve in figure {4) which jts value is

150, 2 Moo

Caleulating of Ovwheel dimension

Dimension of Mlywheel can be got by using equation (15) and another paramerer using

to find dimension of flvwhee! is shown in Tabls 2,

Table 2 Property dviiamics of mechanism

- No Kind af parameters | WValue ]

| Coeflicient of Fluctuation. | 0.01
| k

2 | Speed  rotation of crank | 100 rad/s N
ShAT O sy

3 Energy ahsorb by [ 130.2 Nm
flvwheel, E

-+ Bading  wyration of {lat |03 m
flywheel |

From the value of parameter in Table 2, and by using equation {131, dimension of

Nwwheel can e calenlated
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and mass of flvwheel is calculated with equation (16)
[ 1.502
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The moter power needing to supply torque to ctankshaft can be calculated by using next
question equation
fES ¢
D550
If mechanizm without Tywheel 30 motor power needing 15
194,65 60 100 ,
= e = 19 HP
Q550-3x
but in other hand by using Aywhes] so motor power is
Shep0-108
=————=3]HF
B350+ 2n

h]

4, Coneclusion

Lzing flywheel can be controlled torque appearing in mechanism. Energy that must be
supplied by motar can be reduced abeut only 25% from energy supplying to mechanism
without Oywheel. Motor enly supply torque equal with average torque in a cycle
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